A Draft de novo Mitochondrial Genome Assembly for the Hyacinth Macaw by Wang, Austin Christiansen
 
 
A DRAFT DE NOVO MITOCHONDRIAL GENOME ASSEMBLY FOR 
THE HYACINTH MACAW 
 
 
An Undergraduate Research Scholars Thesis 
by 
AUSTIN CHRISTIANSEN WANG 
 
 
Submitted to Honors and Undergraduate Research 
Texas A&M University 
in partial fulfillment of the requirements for the designation as an 
 
 














TABLE OF CONTENTS 
Page 
ABSTRACT .................................................................................................................................. 1 
DEDICATION .............................................................................................................................. 3 
ACKNOWLEDGEMENTS .......................................................................................................... 4 
CHAPTER 
 I INTRODUCTION ................................................................................................ 5 
 
 II METHODS ........................................................................................................... 8 
 
 III RESULTS ............................................................................................................. 9 
 
 IV CONCLUSION ................................................................................................... 13 
 
REFERENCES ........................................................................................................................... 14 




A Draft de novo Mitochondrial Genome Assembly for the Hyacinth Macaw. (May 2015) 
 
Austin Christiansen Wang 
College of Veterinary Medicine & Biomedical Sciences 
Department of Psychology 
Texas A&M University 
 
Research Advisor: Dr. Christopher Seabury 
Department of Veterinary Pathobiology 
 
Establishing genome assemblies is important for comparative and population studies that 
examine genetic diversity
1
. This is especially vital for threatened animal species. The hyacinth 
macaw (Anodorhynchus hyacinthinus), native to the countries of Bolivia, Paraguay, and Brazil, 
is a vulnerable species currently in decline, as a result of illegal trade and habitat loss
2
. 
Maintaining species and genomic diversity is crucial to the biological and ecological balance of 
many environments. Thus, genome-wide data for a threatened species are particularly useful for 
population analyses and future conservation efforts. Despite dwindling population numbers, no 
hyacinth mitochondrial draft genome assembly currently exists. Therefore, the goal of this study 
was to produce a hyacinth draft de novo mitochondrial genome assembly with annotation by 
using BLAST and other published tools. CLC Genomics Workbench was used to map and 
extract reads and perform a de novo assembly to yield a complete mitochondrial genome for the 
hyacinth macaw. The mitochondrial sequence was 17,000 bp long and contained 13 protein 
coding genes, 2 rRNA genes, 22 tRNA genes, and a control region. Comparative analysis 
showed that many mitochondrial gene regions were conserved between the hyacinth macaw and 
several highly similar species found through a BLAST search. Continuation of such studies will 
allow for further population analyses involving the diversity of maternal lineages for this species. 
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Even though many non-model and non-agricultural animal species around the world hold 
biological significance, current research initiatives for many of these species only include 
minimal genome-wide sequence and polymorphism data, thus hindering the application of 
genomic approaches for addressing biological questions in these species
1, 3
. The avian order 
Psittaciformes is an example of a taxonomic group with relatively few genomic resources. Only 
recently have some genomic resources become available through the completion of the Puerto 
Rican parrot genome (Amazona vittata)
4
, and the Budgerigar (Melopsittacus undulatus 
budgerigar) sequencing initiative (http://aviangenomes.org/budgerigar-raw-reads/). Within the 
order Psittaciformes, there are three families: the Psittacidae (true parrots), Cacatuidae 
(cockatoos), and Strigopidae (New Zealand parrots)
5
. Within the Psittacidae family alone, there 
are over 300 divergent species that exhibit considerable variation in terms of geography, 
phenotype, cognition, and behavior
6-9
, yet little is known about the individual genomes of these 
unique creatures. In comparison to other avian families, Psittacidae has been documented to have 
the highest number of threatened or endangered avian species
10-11
, making their study important 
for future conservation efforts. Furthermore, the conservation status of this family has promoted 





Currently, the most commonly studied avian genomes provide representation from the orders 
Galliformes (Gallus gallus, chicken; Meleagris gallopavo, turkey) and Passeriformes 
6 
 
(Taeniopygia guttata, Zebra finch)
17-19
, with recent efforts providing some genomic insight into 
the Psittacidae
4
 (http://aviangenomes.org/budgerigar-raw-reads/), which are expected to be 
essential for examining key features of this family, such as longevity and intelligence
7-9, 20
. 
Evolutionarily, members of Psittaciformes and Galliformes diverged about 117.3 million years 
ago, while members of Psittaciformes and Passeriformes diverged more recently, about 96.4 
million years ago (for review, see http://www.timetree.org)
21-22
. Notably, the production of new 
avian genome assemblies, such as those representative of Darwin’s finch (Geospiza fortis; 
http://gigadb.org/darwins-finch/), the Budgerigar (http://aviangenomes.org/budgerigar-raw-r
eads/), and other species of Psittacidae will provide tangible insight into avian traits of interest, 
including longevity, intelligence, body size, and adaptability
1, 6-9, 11, 14-15, 19-20
. 
 
The hyacinth macaw (Anodorhynchus hyacinthinus; see Figure 1) is a species of conservation 
concern within the family Psittacidae, and ranges throughout regions of South America
2
. 
However, because of declining population trends and relatively small (i.e., extant) population 
sizes
2
, conservation efforts will be important for maintaining genetic diversity in this species. For 
these reasons, we selected the hyacinth macaw for mitochondrial genome sequencing, assembly, 
and annotation. The objective of this research project is to produce a high-coverage hyacinth 
draft de novo mitochondrial genome assembly with annotation for future population analyses, 
and more specifically, for examining the diversity of maternal lineages present within extant 
populations. Importantly, monitoring levels of genetic diversity over time will be useful for 
developing and assessing the impact of modern management practices. It was hypothesized that a 
complete, high-coverage hyacinth draft de novo mitochondrial genome assembly can be 
generated from Illumina paired-end genomic DNA libraries by using a well-annotated and 
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established avian mitochondrial assembly from a similar species (i.e., scarlet macaw)
1
, both for 




Figure 1. Hyacinth macaw. An image of a hyacinth macaw (Anodorhynchus hyacinthinus). 






All data analyses were performed using existing high performance compute clusters and software 
available in the Seabury Lab
1
. First, the hyacinth macaw Illumina Hi-Seq 2000 sequence reads 
were mapped onto a published scarlet macaw mitochondrial chromosome using the CLC 
reference mapping algorithm
1
.  The reads were then extracted and de novo assembled using a 
pipeline employing CLC Genomics Workbench
1
. A 2636 bp partial hyacinth macaw 
mitochondrial sequence (Genbank Accession EF104124.1), specifically a fragment 
encompassing tRNA-Glu, DLoop, and tRNA-Phe, was utilized to help manually resolve three 
contigs from the de novo assembly into one single contig representing the complete 
mitochondrial sequence. Thereafter, we used both the scarlet macaw
1
 and the annotated conure 
mitochondria (Genbank Accession JQ782214.1) as a guide to annotate the hyacinth macaw 
mitochondrion using the full suite of available BLAST tools (blastn, bl2seq, blastp; 
http://blast.ncbi.nlm.nih.gov/). The annotation included 13 protein coding genes (ND1, ND2, 
COX1, COX2, ATP8, ATP6, COX3, ND3, ND4L, ND4, ND5, ND6, CYTB), two ribosomal RNA 
genes (12S, 16S), and the DLoop. Afterwards, tRNAscan-SE (http://lowelab.ucsc.edu/tRNAscan-
SE/) was used to predict tRNA genes in the mitochondrial sequence, as recently described
1
. The 
ExPASy translate tool (http://web.expasy.org/translate/) was used to translate nucleotide 







The sequencing and assembly process was successful at reconstructing the mitochondrial 
genome of the hyacinth macaw at an average coverage of 227× from over 42,000 mapped reads. 
Annotation of the assembled mitochondrial sequence was comparatively executed using the 
complete mitochondrial sequence of Aratinga acuticaudata (blue-crowned parakeet), as it had 
the highest overall identity among all curated sequences in a blastn search of the NCBI nr/nt 
database. Using the A. acuticaudata mitochondrial genome refseq (GenBank Accession 
JQ782214.1) in conjunction with BLAST (blastn, bl2seq, blastp; http://blast.ncbi.nlm.nih.gov/), 
we annotated 13 hyacinth macaw mitochondrial protein coding genes (ND1, ND2, COX1, COX2, 
ATP8, ATP6, COX3, ND3, ND4L, ND4, ND5, ND6, CYTB) and two ribosomal RNA genes (12S, 
16S). Nine of the protein coding genes utilize ATG as the start codon. ND2 and ND3 use ATA as 
the start codon, while COX1 and ND5 use GTG. COX2, ATP8, ATP6, ND4L, ND5, and CYTB 
utilize TAA as the stop codon. ND1 and COX1 end with AGG, while ND6 ends with TAG; 
additionally, four genes (ND2, COX3, ND3, and ND4) utilize truncated stop codons (see Table 
1). Also, the ND3 gene was found to have one extra, untranslated cytosine nucleotide. This 




Table 1. Predicted genes in the complete mitochondrial genome of A. hyacinthinus. 
  Position Intergenic 
nucleotides 
Size Codon 
Gene From To (nn) (aa) Start Stop 
12S rRNA 1 969 0 969       
tRNAVAL 970 1039 0 70       
16S rRNA 1040 2612 0 1573       
10 
 
Table 1. Continued. 
  Position Intergenic 
nucleotides 
Size Codon 
Gene From To (nn) (aa) Start Stop 
tRNALEU 2613 2687 6 75       
ND1 2694 3674 -2 981 326 ATG AGG 
tRNAILE 3673 3744 5 72       
tRNAGLN 3750 3820 0 71       
tRNAMET 3821 3888 0 68       
ND2 3889 4928 0 1040 346 ATA TA_ 
tRNASeC 4929 4999 1 71       
tRNAALA 5001 5069 1 69       
tRNAASN 5071 5144 2 74       
tRNACYS 5147 5213 0 67       
tRNATYR 5214 5283 9 70       
COX1 5293 6840 0 1548 515 GTG AGG 
tRNASER 6841 6906 7 66       
tRNAASP 6915 6983 2 69       
COX2 6986 7669 1 684 227 ATG TAA 
tRNALYS 7671 7742 1 72       
ATP8 7744 7911 -10 168 55 ATG TAA 
ATP6 7902 8585 -1 684 227 ATG TAA 
COX3 8585 9368 0 784 261 ATG T__ 
tRNAGLY 9369 9437 0 69       
ND3 9438 9788 0 351 116 ATA TA_ 
tRNAARG 9789 9858 1 70       
ND4L 9860 10156 -7 297 98 ATG TAA 
ND4 10150 11542 0 1393 464 ATG T__ 
tRNAHIS 11543 11611 0 69       
tRNASER 11612 11677 0 66       
tRNALEU 11678 11747 0 70       
ND5 11748 13562 11 1815 604 GTG TAA 
CYTB 13574 14713 0 1140 379 ATG TAA 
tRNATHR 14714 14781 4 68       
tRNAPRO 14786 14854 3 69       
ND6 14858 15370 2 513 170 ATG TAG 
tRNAGLU 15373 15441 1 69       
D-loop 15443 16933 0 1491       





Analyses using tRNAscan-SE (http://lowelab.ucsc.edu/tRNAscan-SE/) and BLAST estimated 
and revealed evidence for 22 mitochondrial tRNA genes (see Table 1). The genomic locations 
and boundaries for the tRNA genes were supported through use of both methods. The tRNA-Phe 
gene was manually predicted and annotated. The consensus mitochondrial genome spanned 
17,000 contiguous base pairs and possessed an average GC content of 46.39%. The overall base 
composition of A. hyacinthinus is as follows: A (30.39%), T (23.21%), G (13.97%), C (32.43%). 
 
The hyacinth mitochondrial sequence was compared to those from several related species that 
were identified using a BLAST search (see Table 2). Query coverage was 99%, and identity 
values ranged from 89% – 91% for all species that were compared to the hyacinth macaw (Table 
2). Interestingly, in all compared bird species (Table 2), the stop codon TAA is predicted to be 
completed by addition of a 3’ A residue for ND2 and ND3. That same stop codon is also 
predicted to be completed by addition of 3’ A residues for COX3 and ND4 in all compared 
species (Table 2). The sizes of the mitochondrial genomes for all examined species ranged from 
16,970 bp – 17,030 bp. 
 
Table 2. A BLAST search table comparing the mitochondrial sequence of the hyacinth 












22426 22426 99% 0.0 91% JQ782214.1 
Aratina brevipes mitochondrion 22223 22223 99% 0.0 90% KC936100.1 
Ara glaucogularis 
mitochondrion 
22220 22220 99% 0.0 90% JQ782215.1 
Primolius couloni mitochondrion 21955 21955 99% 0.0 90% KF836419.1 
12 
 












20452 20538 99% 0.0 89% KF010318.1 
Aratina pertinax chrysogenys 
mitochondrion 
18231 22125 99% 0.0 90% HM640208.1 








This project demonstrates that a high-coverage draft de novo mitochondrial genome assembly 
can be generated with relative ease, with few data, and at low cost, despite the fact that the 
hyacinth macaw has no existing genomic maps. The hyacinth macaw mitochondrial genome 
assembly was supported by the high values of coverage and identity that were observed 
following comparison to mitochondrial sequences from related species using BLAST. 
Conservation of mitochondrial nucleotide identity was evident between the hyacinth macaw and 
the avian species listed in Table 2, with the other avian mitochondrial sequences displaying high 
identity values compared to the hyacinth macaw draft de novo mitochondrial genome assembly. 
Incomplete stop codons were observed in all examined birds, as the ND2, COX3, ND3, and ND4 
genes were predicted to require some level of polyadenylation to complete the stop codon. This 
supports the concept that similar genetic mechanisms are conserved between related species. 
 
This project yielded a complete mitochondrial genome for the hyacinth macaw, which will 
facilitate examination of the diversity of maternal lineages within this species. Furthermore, this 
resource will aid in studying mitochondrial haplotype variation within hyacinth macaw 
populations. Future studies could attempt to sequence and assemble the entire nuclear genome 
for the hyacinth macaw. This would certainly facilitate and promote conservation efforts for this 
and possibly other threatened avian species. Increased availability of genome-wide information 
will positively augment management and conservation plans, help refine phylogenetic 
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Search Mode:                 Organellar 
Searching with:              Cove only 
Covariance model:            TRNA2.cm 
tRNA Cove cutoff score:      15 
 
Max intron + var. length:    40 





Sequences read:           1 
Cove-confirmed tRNAs:     19 
Bases scanned by covels:  34000 
% seq scanned by covels:  100.0 % 
28 
 
Script CPU time:          0.02 s 
Cove CPU time:            68.53 s 
Scan speed:               496.1 bp/sec 
 
Cove analysis of tRNAs ended: Fri Nov 21 10:16:03 PST 2014 
 
Overall scan speed: 496.0 bp/sec 
 
tRNAs decoding Standard 20 AA:              18 
Selenocysteine tRNAs (TCA):                 1 
Possible suppressor tRNAs (CTA,TTA):        0 
tRNAs with undetermined/unknown isotypes:   0 
Predicted pseudogenes:                      0 
                                            ------- 
Total tRNAs:                                19 
 




Isotype / Anticodon Counts: 
 
Ala   : 1   AGC:         GGC:         CGC:         TGC: 1      
Gly   : 1   ACC:         GCC:         CCC:         TCC: 1      
Pro   : 1   AGG:         GGG:         CGG:         TGG: 1      
Thr   : 1   AGT:         GGT:         CGT:         TGT: 1      
Val   : 1   AAC:         GAC:         CAC:         TAC: 1      
Ser   : 1   AGA:         GGA:         CGA:         TGA: 1       ACT:         
GCT:        
Arg   : 1   ACG:         GCG:         CCG:         TCG: 1       CCT:         
TCT:        
Leu   : 2   AAG:         GAG:         CAG:         TAG: 1       CAA:         
TAA: 1      
Phe   : 0   AAA:         GAA:                                  
Asn   : 1   ATT:         GTT: 1                                
Lys   : 0                             CTT:         TTT:        
Asp   : 1   ATC:         GTC: 1                                
Glu   : 1                             CTC:         TTC: 1      
His   : 1   ATG:         GTG: 1                                
Gln   : 1                             CTG:         TTG: 1      
Ile   : 1   AAT:         GAT: 1                    TAT:        
Met   : 1                             CAT: 1                   
Tyr   : 1   ATA:         GTA: 1                                
Supres: 0                             CTA:         TTA:        
Cys   : 1   ACA:         GCA: 1                                
Trp   : 0                             CCA:                     










Hyacinth_Mitochondrial_Genome.trna1 (970-1039) Length: 70 bp 
Type: Val Anticodon: TAC at 33-35 (1002-1004) Score: 18.01 




Hyacinth_Mitochondrial_Genome.trna2 (2613-2687) Length: 75 bp 
Type: Leu Anticodon: TAA at 36-38 (2648-2650) Score: 52.90 






Hyacinth_Mitochondrial_Genome.trna3 (3673-3744) Length: 72 bp 
Type: Ile Anticodon: GAT at 32-34 (3704-3706) Score: 34.35 




Hyacinth_Mitochondrial_Genome.trna4 (3820-3888) Length: 69 bp 
Type: Met Anticodon: CAT at 31-33 (3850-3852) Score: 28.66 




Hyacinth_Mitochondrial_Genome.trna5 (4929-4999) Length: 71 bp 
Type: SeC Anticodon: TCA at 33-35 (4961-4963) Score: 47.48 




Hyacinth_Mitochondrial_Genome.trna6 (6915-6983) Length: 69 bp 
Type: Asp Anticodon: GTC at 31-33 (6945-6947) Score: 28.06 




Hyacinth_Mitochondrial_Genome.trna7 (9369-9437) Length: 69 bp 
Type: Gly Anticodon: TCC at 31-33 (9399-9401) Score: 32.61 




Hyacinth_Mitochondrial_Genome.trna8 (9789-9858) Length: 70 bp 
Type: Arg Anticodon: TCG at 33-35 (9821-9823) Score: 35.73 




Hyacinth_Mitochondrial_Genome.trna9 (11543-11611) Length: 69 bp 
Type: His Anticodon: GTG at 31-33 (11573-11575) Score: 35.39 




Hyacinth_Mitochondrial_Genome.trna10 (11677-11747) Length: 71 bp 
30 
 
Type: Leu Anticodon: TAG at 33-35 (11709-11711) Score: 41.91 




Hyacinth_Mitochondrial_Genome.trna11 (14714-14781) Length: 68 bp 
Type: Thr Anticodon: TGT at 31-33 (14744-14746) Score: 25.55 




Hyacinth_Mitochondrial_Genome.trna12 (15441-15373) Length: 69 bp 
Type: Glu Anticodon: TTC at 32-34 (15410-15408) Score: 34.92 




Hyacinth_Mitochondrial_Genome.trna13 (14854-14786) Length: 69 bp 
Type: Pro Anticodon: TGG at 32-34 (14823-14821) Score: 42.34 




Hyacinth_Mitochondrial_Genome.trna14 (6907-6832) Length: 76 bp 
Type: Ser Anticodon: TGA at 38-40 (6870-6868) Score: 41.41 







Hyacinth_Mitochondrial_Genome.trna15 (5283-5213) Length: 71 bp 
Type: Tyr Anticodon: GTA at 33-35 (5251-5249) Score: 48.45 




Hyacinth_Mitochondrial_Genome.trna16 (5213-5147) Length: 67 bp 
Type: Cys Anticodon: GCA at 29-31 (5185-5183) Score: 25.69 




Hyacinth_Mitochondrial_Genome.trna17 (5144-5071) Length: 74 bp 
Type: Asn Anticodon: GTT at 34-36 (5111-5109) Score: 33.30 






Hyacinth_Mitochondrial_Genome.trna18 (5069-5001) Length: 69 bp 
Type: Ala Anticodon: TGC at 31-33 (5039-5037) Score: 39.87 






Hyacinth_Mitochondrial_Genome.trna19 (3820-3750) Length: 71 bp 
Type: Gln Anticodon: TTG at 33-35 (3788-3786) Score: 46.70 
         *    |    *    |    *    |    *    |    *    |    *    |    *    | 
Seq: TAGGAAATAATATAAGGGAAGTATGGAGGGTTTTGATTCCTCCTGTGTAGGTTCGATTCCTGCTTTTCTAA 
Str: >>>>>>>..>>>>.......<<<<.>>>>>.......<<<<<....>>>>>.......<<<<<<<<<<<<. 
 
